Job loss in the years before retirement has been found to increase risk of cardiovascular disease (CVD), but some studies suggest that CVD mortality among older workers declines during recessions. We hypothesized that recessionary labor market conditions were associated with reduced CVD risk among persons who did not experience job loss and increased CVD risk among persons who lost their jobs. In our analyses, we used longitudinal, nationally representative data from Americans 50 years of age or older who were enrolled in the Health and Retirement Study and surveyed every 2 years from 1992 to 2010 about their employment status and whether they had experienced a stroke or myocardial infarction. To measure local labor market conditions, Health and Retirement Study data were linked to county unemployment rates. Among workers who experienced job loss, recessionary labor market conditions at the time of job loss were associated with a significantly higher CVD risk (hazard ratio = 2.54, 95% confidence interval: 1.39, 4.65). In contrast, among workers who did not experience job loss, recessionary labor market conditions were associated with a lower CVD risk (hazard ratio = 0.50, 95% confidence interval: 0.31, 0.78). These results suggest that recessions might be protective in the absence of job loss but hazardous in the presence of job loss.
Job loss in the years before retirement is associated with a higher risk of cardiovascular disease (CVD) and death (1) (2) (3) (4) (5) (6) (7) (8) . Intuitively, it would seem that CVD risk for older workers should also increase during economic recessions, when many individuals lose their jobs and households suffer financial hardship (9) . However, empirical findings have been inconsistent. In most US studies, it has been reported that the rate of CVD mortality declines during recessions (10) (11) (12) (13) (14) (15) (16) (17) , and some studies in European countries have yielded similar results (18) or have found either no association or increases in the rate of CVD mortality during economic downturns (19) (20) (21) .
To advance our understanding of job loss and recessions as joint causes of CVD, we examined whether reductions in labor demand that occur during recessions have different effects on workers who experience job loss than on workers who do not. Likewise, we examined whether recessionary labor market conditions magnify the association between job loss and CVD risk.
Our study relates to earlier works that suggested that job loss increases the risk of CVD (1) (2) (3) (4) . These studies, however, did not consider the business cycle or labor demand as potential moderators. When comparing individuals who lost their jobs during a recession with those who lost jobs during an economic expansion in Finland, Martikainen et al. (22) found that the association of job loss with all-cause mortality was weaker during a recession. This was attributed to compositional mechanisms: Individuals who lost their jobs during expansions might be more adversely selected in terms of health compared with individuals who lost their jobs during recessions, when even very healthy and productive workers can lose their jobs for economic reasons. As a consequence, one would observe a weaker association between job loss and mortality during recessions than during expansions, reflecting the generally healthier pool of jobless during recessions (22) . The detailed health information in our data allowed us to assess the role of compositional differences in explaining variation in the association between job loss and CVD risk across labor market contexts. Furthermore, the associations between recessions and cause-specific mortality rates for different age groups were examined in earlier studies, but variations in associations by labor market status were not (10-14, 16, 23) . Although interactive associations of labor market conditions and labor market status with all-cause mortality in the United States were assessed in 2 recent studies (5, 6) , to our knowledge, there has been no other study in which the joint association of job loss and labor market conditions on CVD risk in the United States has been examined.
Our hypothesis was that the association between job loss and CVD risk is stronger during economic recessions than during normal economic times. Compared with job loss in normal times or booms, job loss during recessions occurs in periods of low labor demand, which prolongs unemployment spells and reduces both earnings after job loss and chances of reemployment (24) (25) (26) (27) . Because reemployment prospects are low, older workers are more likely to exit the labor force and collect social security benefits early, which might result in financial hardship later in life (28) (29) (30) (31) (32) . Recessions may thus magnify the adverse economic and psychosocial consequences of job loss (33) (34) (35) (36) (37) and via these mechanisms disproportionately increase risk of CVD.
In contrast, economic downturns might reduce CVD risk for persons who do not experience job loss during that time. For employed workers, reductions in labor demand entail reduced working hours, which in turn make time available for health-promoting activities, such as exercise or medical checkups (10, 11, 13, 16, 38, 39) . Fewer working hours and reduced commercial activity might also reduce the risk of workplace accidents and exposure to pollution and pathogens (14, 40, 41) . Furthermore, adults who both work and provide care to elderly dependents may spend more time doing care work during recessions (39) , which may reduce the CVD risk for their dependents.
In our empirical analysis, we used longitudinal data from the Health and Retirement Study (HRS) for the period 1992-2010. We contributed to earlier literature by using individuallevel panel data to examine both short-term and long-term effects of job loss and economic recession on the incidence of myocardial infarction (MI) or stroke using discrete-time survival analysis. We distinguished workers that experienced involuntary job loss because of firm closures or layoffs from those who did not and drew on variation in county unemployment rates over a 20-year period as a natural experiment to examine the way recessionary labor market conditions and job loss jointly affect CVD risk.
METHODS

Sample
The HRS is a multicohort panel survey with a population that is representative of US adults who are 50 years of age or older. Since 1992, investigators have recorded individual socioeconomic and health outcomes for study participants every 2 years (42). Our analytic sample comprised all individuals between the ages of 45 and 66 years who were observed in a dependent employment relationship and therefore were at risk of job loss during the observation period (1992-2010). We excluded individuals who reported having had a stroke or MI before the baseline interview. To limit the sample to jobs that were a significant source of status and income, we excluded jobs that lasted less than 1 year, paid zero earnings, entailed less than 36 weeks of work per year, or required less than 16 hours of work per week (1, 2) . The resulting sample included 8,837 individuals who were an average of 53 years of age at baseline and were followed for an average of 11.9 years.
We classified individuals as having experienced a job loss (hereafter referred to as "treated") if they reported having lost their job because of a layoff or business closure between age 45 years and their cohort-specific full retirement age (approximately 66 years of age). All other individuals were considered to be part of the comparison group (controls); this group included workers who remained employed throughout the observation period or had other labor force transitions, such as retirement, transitions to disability, or health-related work exits. We excluded control subjects whose employment spells ended before the individual was 45 years of age or started after the individual's full retirement age to set a common age range over which treated individuals and controls were observed. Additional descriptive statistics for our analysis sample are listed in Web 
HRS measurements
The outcome we selected was an initial MI or stroke. At each survey, respondents were asked, "Did you have a heart attack or myocardial infarction?" and "Has a doctor ever told you that you had a stroke?" Participants who answered in the affirmative were also asked the year of the event. If respondents were not available, for example, following a fatal MI or stroke, the information was obtained from proxy informants, predominantly spouses. We observed 666 MIs and 541 strokes. The combined number of events was 990; 59 individuals reported suffering both a stroke and an MI in the same year.
We controlled for socioeconomic, behavioral, and health risk factors. Demographic covariates included birth cohort, place of birth, sex, ethnicity, and parental educational level. Socioeconomic covariates included respondent's educational level, marital status, household wealth, household income, individual earnings, number of hours worked, number of weeks worked, and state of residence. Monetary quantities were adjusted for inflation using the Consumer Price Index for all urban consumers (43) . Household wealth and income were further adjusted for differences in household size by dividing by the square root of the number of household members. Risk factors included current and former smoking, body mass index, and number of alcoholic drinks consumed per day. Health conditions included self-rated health, depressive symptoms (using the 8-item Center for Epidemiologic Studies Depression Scale), self-rated memory function, and reports of a previous diagnosis of cancer, diabetes, heart problems, or high blood pressure. All covariates were measured either at entry into the study or at the first interview during the employment spell that made individuals eligible for inclusion in the analytic sample.
Measuring recessionary labor market conditions
We used annual county unemployment rates from 1992 to 2010 (44) to measure fluctuations in economic conditions at a local level and capture both opportunities for reemployment (for unemployed workers) and levels of commercial activity and demand for work hours (for employed workers). Because they are highly correlated with fluctuations in aggregate demand, unemployment rates have similarly been used to measure cyclical variation in previous studies (10, 16) . To isolate cyclical variation within counties, we obtained the residuals from a regression of county unemployment on county fixed effects and county-specific linear trends, as follows:
U ct is the unemployment rate in county c and year t, I c represents county fixed effects, and Year is an integer variable defined over the interval from 1992 to 2010. County fixed effects eliminate unobserved, time-constant, county-specific factors that could be confounded by unobserved, timeconstant determinants of CVD, such as unobserved crosscounty differences in average health levels. County-specific trends I c × Year eliminate noncyclical, long-run changes in unemployment within counties over time that could be correlated with changes in health. For example, as a county's population ages, the unemployment rate declines because older individuals are less likely to be unemployed (which is defined as not having a job and actively looking for work), whereas CVD risk increases, inducing a spurious negative correlation between unemployment rates and CVD risk. From this regression, we obtained the residual ε ct , which is a measure of the deviation in unemployment rates in year t from its long-run trend in county c. We ignored any variation in unemployment that is between counties or that follows a long-run, linear trend, and thereby measure local labor market conditions as short-term, cyclical variation in labor demand within counties. We split this measure of cyclical, local labor demand into 5 quintiles to allow for nonlinear associations with CVD risk (45) . Individuals who were in the fifth quintile experienced recessionary local conditions in the labor market similar to those observed in the Great Recession, whereas those observed in the first quintile experienced boom conditions in the labor market that were typical of, for example, the late 1990s. Web Appendix 1 includes further details on indicator construction and descriptive information (Web Figures 1-3 ). Web Appendix 2 lists results of robustness checks in which we used different approaches to indicator construction (Web Tables 2 and 3 ).
Statistical analysis
We modeled time (in years) from entry into the survey to stroke or MI in a discrete-time framework using a complementary log-log regression model. We first performed separate analyses for individuals who experienced job loss and individuals who did not. Our baseline model is specified as follows:
where
h(z) is the discrete-time hazard rate for having had an MI or stroke, α is a constant, k is an integer from 1 to 17, and D k represents annual baseline hazard dummy variables. We included an age quartic to flexibly adjust for the association of age with CVD risk. BC jt represents 4 indicators of local labor demand, with j = 1 as the reference category, corresponding to labor demand conditions that are prevalent in boom periods. Exponentiated parameter estimates from this model have a hazard ratio interpretation (46) . In subsequent analyses, we pooled treated participants and controls and included a set of interaction terms for the association between job loss and labor demand indicators.
For individuals who experienced job loss, the labor demand indicator varied from year to year; we expected that fluctuations in labor demand would have contemporaneous effects on CVD risk. This is consistent with our theoretical framework and results from previous studies (10, 11, 16) . For individuals who experienced job loss, we expected labor market conditions at the time of job loss to modify the impact of job loss on CVD risk. Accordingly, we "froze" the labor demand indicator at the time of job loss; that is, it retains its value at the time of job loss for the remainder of the observation period. This approach allowed us to capture both the short-term association with job loss in a given economic environment and potentially cumulative, long-term associations.
We controlled for year fixed effects to adjust for unobserved causes of CVD that change uniformly from year to year. We also adjusted for numerous socioeconomic, behavioral, and health variables. We assessed balance on these variables for treated individuals and controls observed in recessionary versus nonrecessionary conditions to test whether compositional differences in either group might account for variation in the effect of recessionary labor market conditions on both groups.
We found no systematic imbalance in the distribution of covariates among controls. For treated individuals, we used coarsened exact matching (47, 48) to exactly balance the sample on less balanced covariates across labor market states (quintiles 1-4 vs. quintile 5) (see Web Appendix 3 for more details). We used coarsened exact matching to sort individuals into strata that were defined by unique values of the coarsened covariates. We then retained only the observations in strata that included individuals observed in both recessionary and nonrecessionary conditions. We matched on birth cohort (7 categories), age at first interview (3 categories), and year of first interview (3 categories). These variables jointly defined 24 strata, 19 of which contained individuals observed in recessionary and nonrecessionary conditions. After eliminating 11 unmatched individuals, the cohort and age distributions were practically identical for those who lost jobs in recessionary conditions (quintile 5) and those who lost jobs in nonrecessionary conditions (quintiles 1-4). Additional information is given in Web Appendix 3. Analyses were conducted using Stata, version 13 (StataCorp LP, College Station, Texas).
RESULTS
We observed 1,480 job losses before the initial stroke or MI in our analysis sample, 299 (20%) of which occurred in years characterized by recessionary labor market conditions (Table 1) . Although the recession of the early 1990s ended in March of 1991 (49) , some of the highest unemployment rates in our observation period occurred during the following 2 years, with 91.4% (1992) and 60.4% (1993) of individuals in our sample having experienced recessionary labor market conditions. Unemployment reached similar levels only during the Great Recession in 2009 and 2010. Compared with these 2 recessions, the increase in the unemployment rate that was observed in the 2001 recession was less severe. Table 2 shows descriptive statistics for a subset of potential confounders across recessionary (quintile 5) and nonrecessionary (quintiles 1-4) local labor market conditions. Web Tables 4-6 contain results for the full set of variables used in the analysis. We calculated the percentage of individuals with a certain characteristic among those who lost their jobs during recessionary conditions and those who lost their jobs during nonrecessionary conditions. Within the table, we report bias statistics, which quantify the difference in percentages as a standardized difference (see Web Appendix 3 for the formula). For participants who did not experience job loss (controls), we found small differences across many variables but no systematic pattern. It therefore seems unlikely that compositional differences across labor market states influenced our results for this group. However, among individuals who experienced job loss because of a business closure or layoff (treated), certain birth cohorts were more likely to have been exposed to recessionary conditions. We corrected these imbalances using coarsened exact matching, which exactly balanced selected characteristics (birth cohort, age at first interview, and year of first interview) across recessionary and nonrecessionary conditions. a Local market conditions were measured using demeaned and detrended county unemployment rates. The transformed unemployment rates were split into quintiles, with the fifth quintile capturing recessionary conditions in local labor demand.
b The unemployment rate was for individuals 45-66 years of age and was calculated from the Integrated Public Use Microdata Series Current Population Survey (68) .
c The correlation coefficient for the association between the unemployment rate in this sample and the percentage of respondents observed in recessionary labor market conditions is 0.85. d The total number of job losses that occurred before either stroke or myocardial infarction was 1,480, with 299 (20%) occurring under recessionary conditions (quintile 5).
Noelke and Avendano
Am J Epidemiol. 2015;182(10):873-882 Table 3 shows the associations between labor market conditions and CVD risk for individuals who experienced job loss (treated) compared with those who did not experience job loss (controls). Recessionary labor demand conditions were associated with an increased risk of CVD among treated individuals even after we controlled for a large set of potential confounders (for model 4, hazard ratio = 2.54, 95% confidence interval: 1.39, 4.65). These hazardous associations persisted after we restricted the sample to matched observations. Among treated individuals, the estimated effect sizes were higher after adjustment for potential confounders, reflecting positive selection into job loss during recessions compared with booms (22, 50) . In contrast, among controls, recessionary labor market conditions were associated with lower CVD risk (for model 4, hazard ratio = 0.50, 95% confidence interval: 0.31, 0.78). Estimated hazard ratios were robust to the inclusion of covariates, suggesting that the observed characteristics were uncorrelated with fluctuations in local labor demand in this group. Table 4 shows estimates from an analysis in which we pooled treated individuals and controls and included a set of interaction terms for the association between job loss and labor demand indicators. Results suggest that, on average, recessions are protective and job loss is hazardous, although the estimates reached statistical significance only at the 10% level (model 1). However, after allowing for an interaction between job loss and labor demand (models 2-4), we found that recessionary labor demand conditions appeared protective only in the absence of job loss and that job loss was associated with significantly higher CVD risk only if it was experienced during recessionary labor demand conditions. These results support the hypothesis that local labor demand conditions play a role in moderating the association between job loss and CVD risk. In Figure 1 , we illustrate this interaction by showing simulated effects of job loss across different labor market contexts based on the estimates from model 4 ( Table 4) alongside effect estimates of labor demand in the split sample (Table 3 , model 4). Compared with not experiencing job loss, only job loss during recessionary labor demand conditions was significantly associated with CVD risk (hazard ratio = 1.93, 95% confidence interval: 1.23, 3.04).
We also ran separate models for stroke and MI. Estimates for the main and interaction effects of job loss and business cycle were very similar for both outcomes and were close to those from the models in which we used a combined CVD outcome (Web Table 7 ). Abbreviations: CI, confidence interval; exp(b), exponentiated β coefficient estimates. a Labor demand conditions were measured using county unemployment rates, which were transformed into an indicator variable with 5 categories. Quintile 1 corresponds to conditions observed during expansions; quintile 5 corresponds to conditions observed in recessions (see Methods section for further details).
b Adjusted for a baseline hazard and an age quartic. c Adjusted for the variables in model 1 and birth cohort, year of first interview, sex, ethnicity, birth place, parental educational level, own educational level, and year fixed effects.
d Adjusted for the variables in model 2 and state fixed effects, household wealth, household income, individual earnings, weeks worked, hours worked, health insurance coverage, and marital status.
e Adjusted for the variables in model 3 and body mass index, ever having smoked, being a current smoker, number of alcoholic drinks consumed per day, depression symptoms, self-rated health, self-rated memory, and ever having been diagnosed with cancer, diabetes, high blood pressure, or heart problems.
f Exponentiated coefficient estimates from complementary log-log regression can be interpreted as hazard ratios. g Quintile 1 was the reference group. h Quintiles 1-4 combined were the reference group.
DISCUSSION
In previous research, it has been shown that for older Americans, recessions are associated with a lower rate of death from CVD (10) (11) (12) (13) (14) (15) (16) (17) . Using data from the HRS, we found that recessionary local labor market conditions increased the long-term hazard of CVD for older workers who lost their jobs while cutting in half the CVD hazards for older workers who do not experience job loss. Ecological studies likely reflect the protective effect of recessions for individuals who do not lose their jobs, who outnumbered those who did lose them by 5 to 1 in our sample. We also showed that job loss increases CVD risk only if it occurs under recessionary conditions.
There are several possible explanations for the protective effect of reductions in labor demand on CVD for persons who were not affected by job loss. Although empirical findings are contradictory (38, (51) (52) (53) , some workers might be less likely to engage in risky or unhealthy behaviors (e.g., smoking or drinking) during recessions. Recessions may also reduce the number of work hours and workplace stress for employed workers while freeing up time that could be spent engaging in healthy behaviors, such as medical checkups, physical exercise, and sleep, all of which could lower CVD risk (10, 16, 38, 39, 54, 55) . By reducing commercial activity and working hours, recessions may also reduce exposure to pathogens (41) and pollution, which has been linked to lower incidence of CVD mortality during recessions (40) . Finally, reductions in economic activity might increase a worker's availability to care for dependent elderly relatives (39) , which might reduce the dependent's CVD risk.
Although cyclical downturns in labor demand might be protective for the majority of individuals, our results indicate that they are hazardous for the individuals who lose their jobs. The latter result is consistent with evidence that recessions make job loss more economically scarring (24) (25) (26) (27) and magnify the hazardous effect of job loss on mortality risks (5) . Recession may exacerbate the psychosocial stress from job loss (33) (34) (35) (36) 56) and thereby amplify CVD risk. Results from earlier studies also suggest that unemployed workers feel a lack of control over their lives (57, 58) , which may be exacerbated by a scarcity of jobs. Job loss may also increase unhealthy behaviors such as alcohol use or smoking relapse (51, 59) , which might be more pronounced and sustained during recessions, when prospects for reemployment are poor.
Our study has several strengths, but some limitations should be considered. Incidence of heart disease and stroke was based on self-or proxy reports of a doctor's diagnosis, which might have led to misclassification bias (60) . However, e Adjusted for the variables in model 3 and body mass index, ever having smoked, being a current smoker, number of alcoholic drinks consumed per day, depression symptoms, self-rated health, self-rated memory, and ever having been diagnosed with cancer, diabetes, high blood pressure, or heart problems.
f Exponentiated coefficient estimates from complementary log-log regression can be interpreted as hazard ratios. validation studies for the United States have shown generally good agreement between physician-provided diagnoses and self-report, with true positive rates of 70%-80% and true negative rates of 99% for both outcomes (61) (62) (63) . A study in which investigators examined the association of important stroke predictors with stroke incidence in the HRS and in data sets with medically verified strokes yielded very similar relative risk estimates (64) . The associations of job loss with CVD risk could be driven by adverse selection (65, 66) . However, sizeable negative health associations of job loss with CVD risk in the United States are still being found in studies that address selection (1, 8, 67) . When comparing individuals who experienced job loss with those who did not across many potential confounders, we found both groups to be similar in their observed characteristics (Web Table 8 ); adjustment for potential confounders yielded no evidence of adverse selection. We also checked whether job losses due to business closures during recessions, which might be less selective in terms of unobserved characteristics (67) , have different associations from those of job losses that result from layoffs during recessions; we did not find this to be the case (Web Table 7 ).
In both treated and control groups, compositional differences between individuals observed in recessionary and nonrecessionary periods may in part explain our findings (22) . To address this concern, we controlled for year fixed effects to rule out confounding by compositional differences across individuals observed in different years. We found no evidence of systematic compositional difference among controls from the different labor demand states, and regression results were generally unaffected by adjustment for potential confounders. For treated individuals, we found some differences in covariate distributions between individuals observed in business cycle states that were addressed using coarsened exact matching. The covariate-adjusted regression results indicated that there was positive selection into job loss during recessions, which has been suggested in previous research (22, 50) .
Although more evidence is needed to disentangle the underlying mechanisms, our results highlight the potential of targeting public health interventions according to the state of the business cycle and the labor force status of individuals. Health professionals should routinely screen for recent job losses, particularly during recessions. Conversely, health promotion interventions for employed persons might need to be intensified during times of economic expansion. Labor demand conditions were measured using county unemployment rates that were transformed into an indicator variable with 5 categories, with 1 corresponding to conditions observed during expansions and 5 corresponding to conditions observed in recessions. A) Estimated associations between job loss at different levels of local labor demand and the risk of myocardial infarction or stroke. The reference group comprised persons who did not experience job loss. B) Estimated associations between local labor demand conditions at the time of job loss and the risk of myocardial infarction or stroke in individuals who experienced job loss. The reference group was quintile 1 ("boom" labor market). C) Estimated associations between local labor demand conditions and the risk of myocardial infarction or stroke in individuals who did not experience job loss. The reference group was quintile 1 ("boom" labor market).
